AbStrACt
Objective The aim of this study was to examine whether there is an association between grandparental care and loneliness, social isolation and/or the size of an individual's social network among community-based adults aged ≥40 years. Methods Cross-sectional data were drawn from a population-based sample of individuals aged ≥40 years living in the community in Germany. Loneliness was measured using a short version of the De Jong Gierveld Loneliness Scale. Social isolation was measured using a scale developed by Bude and Lantermann. The number of important people with whom respondents have regular contact (ie, social network size) was also used as an outcome variable. All respondents were asked whether they privately provide grandparent care (no/yes). results Linear regressions showed reduced loneliness (β=−0.06, p<0.01) and social isolation scores (β=−0.04, p<0.05) among those undertaking care of a grandchild. Regression analysis also showed an increased number of important people with whom individuals had regular contact among those who undertook care of a grandchild (β=1.02, p<0.001).
Conclusion Findings indicate a positive association between undertaking the care of a grandchild and the size of an individual's social network, and a negative association between grandchild care and self-rated scores of loneliness and social isolation. These findings build on existing research into the social and health implications of grandchild care among grandparents. Longitudinal studies are required to strengthen the understanding of this association.
IntrOduCtIOn
The grandparent role has been described as an important and rewarding role among ageing individuals. 1 Grandparenthood can be a source of rewards, such as company, feeling useful and discovering new abilities in oneself. 2 The provision of grandparental care is considered a serious and demanding aspect of this role, 3 and is a central aspect of supporting participation of parents in the job market. Increases in life expectancy and the changing role of women in the workforce have led to a greater demand for the provision of childcare by grandparents, [4] [5] [6] [7] particularly in jurisdictions where the provision of public childcare is insufficient. 3 In view of these changing dynamics, the implications of the provision of grandchild care for grandparents have been the subject of growing research interest. The literature to date can be roughly divided into two categories: studies that consider the implications of very intense grandparental caregiving (ie, surrogate parents or grandparents who assume responsibility for raising their grandchildren) and studies that consider the implications of the provision of supplementary parental care (ie, care provided on occasions when parents are not available or other forms of care cannot be sourced). The majority of the literature has focused on the first category. However, as noted by Muller and Litwin, it is in fact more common for grandparents to provide supplementary care to their grandchildren. 8 In the USA almost 50% of grandparents provide some degree of childcare. 9 A similar proportion of grandparents in Europe also provide care for their grandchildren, although the proportions vary between countries. 3 Data on the exact number of Open access grandparents in Germany are not available. In 2014, 23% of respondents to the German Ageing Survey (DEAS) reported not having grandchildren, with the DEAS survey considered to be representative of the German population aged >40 years. 10 Some studies have considered the broader implications of undertaking supplementary grandchild care, including the effect that such an undertaking would have on a grandparent's social activities. Bulanda and Jendrek found that grandparental caregiving was associated with a higher likelihood of volunteering. 11 On the other hand, Albertini and Kohli showed in their 2009 study that the provision of grandchild care by women negatively affected the number of social activities with which they engaged. 12 With respect to the implications of undertaking supplementary grandchild care on social links, Triado et al concluded in their study on the satisfaction among grandparents of providing grandchild care as well as the impact of providing such care on their health and well-being, that providing grandchild care seems to be an opportunity for grandparents to 'establish and reinforce affective links, rather than a burden or potentially stressful task'. 13 Many studies have used the concepts of role strain and role enhancement to explain the health and psychological implications of grandparental caregiving in a number of studies. 14 Central to both theories is the notion that individuals occupy multiple social roles that carry with them obligations and rewards. Role strain theory posits that occupying multiple social roles requires the individual to juggle conflicting and demanding obligations, which can overload or strain the individual and act as a stressor, leading to negative health implications. Role enhancement theory posits that occupying many roles is beneficial to the health of the individual, as occupying many social roles enhances their personality, contributing to positive self-esteem. 15 One example of this is a study that longitudinally assessed the impact of intensive and non-intensive grandparental caregiving on health. In this study the authors used role strain and enhancement theory as a possible explanation for why grandparents providing less intensive care for their grandchildren might experience better psychological health than those who provide more intensive or surrogate care for their grandchildren. 16 To the best of our knowledge, no research has been conducted to date that explores the impact of supplementary grandchild care on the social relations of grandparents. The most relevant study for this particular area of interest is that of Tsai et al who, in their longitudinal study using data drawn from a populationbased survey, found that providing grandchild care was associated with lower loneliness scores among grandparents living in Taiwan. 17 However, the focus of this study was the impact of grandchild care on depression, and respondents to the survey were only asked one question pertaining to feelings of loneliness-that is, scores pertaining to loneliness were calculated as an aspect of the tool used in the study to measure depression.
Moreover, the study did not consider the implications of grandchild care on more objective measures of social relations, including the size of the grandparent's social network. Indeed, to date, no studies have explored the association between grandchild care and the size of the grandparent's social network.
This study therefore aims to explore whether provision of grandchild care is associated with objective and subjective measures of social relations-namely, feelings of loneliness, the size of one's social network and social isolation. Loneliness among older individuals is an emerging issue, and a growing body of literature has pointed to clear links between loneliness, social isolation and poor health outcomes. [18] [19] [20] [21] Moreover, social activities in later life have been identified as a relevant aspect of active and successful ageing frameworks. 22 23 Furthermore, the need for further understanding of the role of social support in shaping the well-being of grandparents has been identified. 24 In their 2006 study, Gerard, Landry-Meyer and Roe found that enacted social support-namely, the number of supportive transactions an individual has engaged in as a recipient-buffered the impact of grandchild and parenting hassles on caregiving stress and life satisfaction. However, they identified that further research in this field was required to better understand the positive effects that more social resources have on grandparents who providing caregiving. 24 The findings of this study will therefore contribute to knowledge on protective and positive lifestyle factors for individuals in the later stages of life.
MethOdS
This study analysed data collected via the DEAS survey, a cohort-based longitudinal survey of community dwelling adults in Germany aged ≥40 years. The survey was initiated in 1996, with the view to providing a representative national database that described the living conditions of middle-aged and older populations, and that could be used for research into the process of ageing and its effects on individuals and processes of social change. 25 The survey has a cohort-sequential design, comprising cross-sectional samples (baseline samples) and panel samples. Participants are followed over time and surveyed again in subsequent waves (from 2008, this has been every 3 years). To date, the DEAS has consisted of five waves (in 1996, 2002, 2008, 2011 and 2014) . Baseline samples are drawn from a randomly drawn sample of 290 municipalities in Germany (of which there are a total of 12 000) and are disproportionately stratified into three age groups (40-54, 55-69 and 70-85 years), gender and region.
This study used data drawn from the fifth wave of the study (2014). This set of data was used as it was the first instance in which social isolation was measured. The response rate in 2014 was 25% for the cross-sectional panel and 61% for the panel sample 26 (see Klaus et al for further details regarding the study). 25 Patient and public involvement Neither patients nor the public were involved in the development of the methodology for the current study; however, the experiences of community-dwelling adults in older age, as described in the current literature, informed the development of the research question and selection of appropriate outcome measures.
ethics approval
This study did not meet the threshold for requiring ethics committee approval (ie, risk for the respondents, lack of information about the aims of the study, examination of patients). All subjects were required to provide written informed consent prior to participation.
dependent variables
Three measures were used to quantify social relations among those who cared for their grandchildren, including both subjective and objective measures of social relations. The three measures were chosen to give a comprehensive understanding of the impact of the independent variable on social relations. Loneliness refers to the subjective state of feeling alone, as well as the feeling of lesser social contact than desired or where the quality of social relationships is felt wanting. 27 Social isolation refers to the feeling of not belonging to society. 27 Although sometimes used synonymously, 28 loneliness and social isolation refer to two distinct concepts. 29 The distinction between all three concepts is evidenced by their inconsistent correlation. It has been evidenced that, while some individuals may be objectively socially isolated and content, others may have frequent social contact but still feel lonely. 20 Other studies have found that those with fewer people in their social network are more likely to feel lonely than those who have a large social network. 30 Moreover, research has also shown that the composition of the social network is an important indicator for loneliness. 31 Finally, social network size represents an objective measure of the number of contacts a person has.
Loneliness was measured using a shortened version 32 of the De Jong Gierveld Loneliness Scale. 33 Participants were asked to rate the strength of their agreement on a scale of 1-4 (with 1 representing 'strongly agree' and 4 representing 'strongly disagree') with the following statements: "I miss having people around among which I feel comfortable", "There are plenty of people I can rely on when I have problems", "I often feel rejected", "There are many people I can trust completely", "I miss emotional security and warmth", "There are enough people I feel close to". If a respondent gave a score of ≤2 to more than two statements, a loneliness score would not be calculated. Higher scores represent a higher degree of perceived loneliness. Cronbach's α for this measure was 0.83 in the present study.
The second measure used was the Bude and Lantermann scale measure of social isolation. 34 Participants were asked to rate the strength of their agreement on a scale of 1-4 (again, with 1 representing 'strongly agree' and 4
representing 'strongly disagree') with the following statements: "I am worried about being left behind", "I feel like I do not really belong to society", "I feel that I am left out", and "I feel excluded from society". Higher scores using this measure refer to a higher degree of perceived social isolation. Cronbach's α for this measure was 0.88 in the present study.
Social network size was measured using a tally of the total number of important people with whom participants were in regular contact (maximum tally of 9).
Independent variables
The independent variable of interest in this study was undertaking care of a grandchild. Respondents were asked: "I'd now like to go on to learn more about your activities and pastimes. Do you supervise other people's children privately, for example, your grandchildren, or the children of siblings, neighbours, friends or acquaintances?" Those who responded that they supervised their grandchildren or their grandchildren and other children were coded as 1. The remainder were coded as 0.
It is well recognised that a number of social and demographic factors can influence feelings of loneliness, social isolation as well as the size of one's social network. 28 29 35-37 Moreover, a number of sociodemographic factors shape the likelihood of a grandparent caring for their grandchild. 3-5 9 38-42 On this basis, a number of variables were controlled for in the regression analysis, including age, sex, marital status (married, living together with spouse, other (divorced, widowed, single, married, living separately to spouse) and socioeconomic status (measured using monthly net equivalent income in Euros). In addition, self-rated health (1=very good to 5=very bad), number of physical illnesses (0-11, for example diabetes, cancer), body mass index, frequency of physical activity (daily, several times a week, once a week, 1-3 times a month, less frequently, never) and depressive symptoms (the Centre for Epidemiological Depression Scale (CES-D) was used, 43 which consists of 15 items with scores ranging from 0 to 45; higher scores refer to more severe depressive symptoms) were also controlled for in the regression analysis. In a second regression analysis, the variable 'physical functioning' (subscale of the SF-36 with scores ranging from 0 to 100; higher values refer to a higher degree of physical functioning) was added to the model. Physical functioning was only included in the second analysis due to the simultaneity bias between physical functioning and loneliness. 44 45 
Statistical analysis
Descriptive statistics for our analytical sample (individuals included in the regression analysis) were first computed (n=3849 when loneliness served as outcome measure), stratified by those who undertook care of their grandchildren and those who did not (table 1). We checked the normality of residuals using q-norm and kernel density plots. According to these plots, the residuals have an approximately normal distribution. Therefore multiple linear regressions were Open access used to model the associations between caring for grandchildren and (1) 
reSultS
In our analytical sample, 1125 of a total of 3849 surveyed grandparents reported that they had cared for a grandchild. Just over half of these respondents were female and just under 80% were married or living together with a spouse. The mean age among those who cared for grandchildren was about 66 years. The mean loneliness score of those who cared for a grandchild was 1.7, the mean social isolation score was 1.6 and the mean number of people in regular contact was 6.0. Those who did not care for a grandchild reported higher scores for loneliness (1.8) and the mean number of important people with whom they had contact was lower than their counterparts who provided grandchild care (mean score 4.8).
regression analysis
The results of the regression analysis are depicted in table 2. After controlling for potential confounders, linear regression analysis showed reduced loneliness (β=−0.06, p<0.01) and social isolation scores (β=−0.04, p<0.05) among those undertaking care of a grandchild. Regression analysis also showed an increased number of important people with whom individuals had regular contact among those who undertook care of a grandchild (β=1.02, p<0.001). All outcomes measures were significantly associated with age, net monthly income and the number of physical illnesses. In an additional analysis the variable 'physical functioning' was added. This addition did not significantly alter the association between our independent variable and the outcome measures (results not included but available on request). In a sensitivity analysis we restricted our analysis to those who only care for their own grandchildren but not for the children of siblings, neighbours, friends or acquaintances. The analysis again showed reduced loneliness (β=−0.05, p<0.01). An increase in the number of important people with whom individuals have regular contact was also seen among those who only care for their own grandchildren (β=0.96, p<0.001). A reduction in the social isolation score was no longer statistically significant. The complete results from the sensitivity analysis are shown in table 3.
dISCuSSIOn

Main findings
Using data drawn from a representative sample of community-dwelling individuals aged >40 years in Germany, this study sought to examine whether there was an association between undertaking care of a grandchild and subjective and objective measures of social relations, including loneliness, network size and social isolation. Controlling for various factors, undertaking care of a grandchild was associated with reduced loneliness and social isolation as well as an increased network size.
relation to previous studies To our knowledge, no study has sought to explore the association between supplementary grandchild care and Open access Table 3 Determinants of loneliness, social isolation and number of important people with whom individuals share regular contact: results of sensitivity analysis subjective and objective measures of social relations. In the most relevant article on this particular topic, Tsai et al showed that grandchild care can act as a protective factor against depression and feelings of loneliness. In their study this association was strongest among those who co-resided with their children and grandchildren. 17 However, this study only used one part of the CES-D scale to assess feelings of loneliness rather than a comprehensive measure of loneliness. In studies pertaining to intense caregiving by grandparents, grandchild care was found to compromise the ability of grandparents to socialise. 46 47 As mentioned previously, the concepts of role strain and role enhancement have been used to explain the health and psychological implications of grandparental caregiving in a number of studies. 14 Role enhancement theory posits that occupying many roles is beneficial to the health of the individual, as occupying many social roles enhances their personality, contributing to positive self-esteem. 15 Our results suggest that role enhancement theory could be applied to those providing supplementary grandchild care. Assisting their families to balance work and family by providing supplementary grandchild care may boost grandparents' self-esteem, and may also facilitate ongoing positive relationships with their children and grandchildren. Moreover, caring for grandchildren may also expand the social circle of grandparents and allow for further opportunities to establish relationships with other parents or grandparents.
However, as grandparents become obligated to provide more intensive grandchild care, they may feel overburdened by the responsibility and less able to engage in other aspects of their lives. Indeed, perception of the nature of grandchild care, specifically whether it is perceived to be a voluntary task or not, has been suggested to be a key proponent of its effect on the health and well-being of grandparents. 13 A mismatch between what grandparents expected to be their obligations and lifestyle during this period of their lives and the reality may cause stress as well as isolation from their peers. Similar logic has been applied to those who undertake custodial care of their grandchildren. [48] [49] [50] [51] Further research should be undertaken to elucidate the degree to which this would apply to grandparents undertaking the supplementary care of their grandchildren.
The grandparental role has also been conceptualised as an indication of social bonds. In their study on the health implications of grandparent caregiving, Chen and Liu state that caregiving constitutes an important aspect of grandparents' social network, and characterise this bond as a buffer against the negative and psychological consequences of ageing. 52 The findings of our study appear to support this conceptualization. Those who actively engage in the grandparent role through the provision of supplementary childcare were found to feel less lonely, less socially isolated and have a larger social network than those who did not.
Study strengths and limitations
The study used a large nationally representative sample. The possibility of the presence of selection bias in this survey has been noted elsewhere, but has been determined to be small. 25 Indeed, the distribution of demographic factors in the sample has been shown to be close to that of the German population. 53 Previously validated and well-established tools were used for the measurement of loneliness and social isolation. Moreover, the study included both objective and Open access subjective measures in its assessment of the outcome variable of social relations. In addition, a comprehensive range of possible confounders were controlled for in the regression analyses.
The study used listwise deletions to manage missing data, which could have led to a degree of bias.
It cannot be excluded that grandparents who care for their grandchildren consider their grandchildren as important people with whom they have regular contactthat is, that the grandchildren that grandparents care for (as well as the grandchild's primary caregiver) are included in the measure of social network size. Furthermore, it also cannot be excluded that living nearby to one's family also increases the likelihood of providing care to one's grandchildren as well as having a larger social network.
Due to its cross-sectional nature, it is difficult to draw conclusions regarding the direction of this relationship. Those who feel less lonely and socially isolated may be more likely to provide grandchild care. Moreover, those with a larger social network may feel better supported as well as more capable of providing supplementary grandchild care. A longitudinal study would elucidate the direction of this relationship. Moreover, a longitudinal study could provide detail as to whether undertaking grandchild care elicits a change in feelings of loneliness and social isolation, and influences the size of one's social network.
Finally, due to reasons of data availability, the provision of grandparent care is measured using a yes/no response. This means that the study is not necessarily restricted to those who provide supplementary grandparent care only. Furthermore, this study does not measure the quality of the time grandparents spend with grandchildren while providing care, nor does it measure how regularly and intensively grandparents provide care to their children. Of additional interest to our study would also be understanding whether the care of grandchildren involves both grandparents, or just one grandparent, as well as whether care is delivered in concert with the parents. Further research on the association between grandchild care that takes into account these aspects of grandparental care would extend our knowledge in this area.
COnCluSIOnS
This study identifies a positive association between caring for one's grandchild and one's social network. The care of a grandchild was also shown to be associated with a reduction in self-reported loneliness and social isolation. This study builds on the growing literature that explores the health, well-being and social implications of a growing number of grandparents undertaking supplementary care for their grandchildren. Longitudinal studies are required to strengthen the understanding of this association.
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